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Abstract: 
A large Rogowski coil is applied to measure the lightning surge current of large objec 
telecommunications towers and building pillars, large Rogowski coil was constructed wi 
short Rogowski coils to improve its frequency characteristics. The frequency characteri 
calc_ulated using SPICE and measured. The calculated results agree closely with the 
results and indicate improved frequency characteristics. The number and diameter of 
needed to achieve sufficient frequency characteristics are given. 
1. Introduction
Recent progress in telecommunications 
demands high-speed electrical equipment, 
which is easily damaged by lightning surges. 
Hence it is important to design buildings to 
reduce their vu1nerability to lightning surges. 
Some design methods have been presented to 
reduce these surges by using grounding 
systems [l],[2],[3]. 
However, these methods are difficult to 
apply because they must either be installed 
during building construction or, in existing 
buildmgs after all equipment has been removed. 






Fig. 1 Rogowski coil 
Compounding the problem, no 
exists to aid in determining the sp 
for equipment that is robust agains 
surges. This reguires observation a 
surges to clarify the mechanism th 
them. 
The Rogowski coil [ 4] is 
measuring the surge current that 
large structures, such as building 
telecommunications towers [ 51, 
coil has no magnetic saturation for 
level� and can be flexibly sized. H. 
frequency response degrades in rel 
length of the coil. For application t 
surge observation, its performance 
improved. This study focussed . o · 
the frequency response of the Rogo 
We studied the mechanism that 









Fig. 2 Equivalent circuit of R · 
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e frequency characteristics were 
measured and the number of 
to achieve the proposed 
was calculated. Base on this, 
method for improving the long 
rating a short coil into its 
configuration of the Rogowski 
trated in Fig. 1. The coil is made 
e wound in a spiral around a 
tic pipe and then returns through 
the pipe to its point of origin. fts 
f a oiscontinuous ring. The break 
pe allows the coil to be flexed for 
on in the measurement object 
g pillar, telecommunications 
it1on, the coil is not susceptible to 
high current levels, because it 
tic materials. 
alent circuit of the coil is 
1Fig. 2. In this figure, E is the 
ltage on the coil, L is its 
a is its resistance, Ca is its 
d Rb and Cb constitute an 
euit that smoothes the frequency 
The frequency response of the 
ed by the resonance frequency of 
nstructed using L and Ca. The 
uency should be increased to 
equency response. Decreasing 
f windings reduces the L and Ca 
resonance frequency increases. 
easing the number of windings 
ion in sensitivity. 
thod is to construct a long coil 
e short coils as shown in Fig.3. 
t circuit is illustrated in Fig. 4. 
(1) 
the number of the winding for the 
l and Ni is the number of the 
( a) 1 section
I� d . .ntegrate c1rcmt 
(b )Several sections 
,ig. 3 Divided Rogowski coil 
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windings for each sub-coils. 
Since induction voltage in the coil depends 
on the number of the winding when the wave 
length of the surge sufficiently long compared 
witli the coil size, the induction voltage is given 
by 
(2) 
where E is the induction voltage of the 
original coil and Ei is the induction voltage of 
each sub coils. 
This means the sensitivity of the new coil in 
Fig.3 does not decrease. 
The resonance frequency of the coil is 
influenced by the resonance frequency of the 
circuit constructed with Li and Cai, and Li is 
given by 
Li = µ Ni2a/li = µ (N/m)2 a/(1/m), (3) 
where µ is permeability of the coil, m is 
the number of the sub-coil, a is the radius of the 
sub-coil which is the same as the original coil, 
and Ii is the length of the sub-coil, and 1 is the 
length of the original coil, and Cai is given by 
Cai = 2 n E /log(b/a) Ni*b 
=2 n E /log(b/a) (N/m)*b, (4) 
where E is dielectric constant in free space 
and b is the radius of the return line. b is the 
same as that of the original coil. 
The Ra value is also given by 
Rai =(NI m)2Tra l(aJrc 2 ) 
(5) 
where-o is the conductivity of the wire used 
coil and c is the radius of the wire. 
Using Eqs. (3) and (4), the resonance 
frequency of the new coil is given by. 
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Fig.5 Calculation of frequency characteristics
Rogowski coil (1 to 4 sections) 
F c = l = m . , 
( 6) Table 1 Constant for calculat
21r�LiCai 21r�LCa 
This means that the resonance frequency is 
m times. 
Therefore, it is expected that the length of 
coil keep and the frequency response improve 
to divide the original coil to sub-coils as shown 
in Fig. 3. 
3. Calculation and experiment
The frequency characteristics were 
calculated using SPICE [6]. The results were 
comparable to the measurements. The constants 
we used for calculation are summarized in 
Table 1. The circuit parameters of the 
integration circuit were determined in order to 
achieve the optimum :frequency, response from 
the experiment. The values are listed in Table 1. 
The calculation results are shown in Fig. 5. 
This shows the frequency characteristics of the 
Rogowski coil when it 1s composed of one to 
four segments. The frequency response 
improved as number of sections increases. 
We constructed Rogowski coils having 
parameters as listed in table 1, using one, two, 
three, and four segments. Then we measured 
the frequency characteristics of the single and 
the four-part coil. The exP.erimental setup is 
illustrated in Fig. 6. A calibrated current was 
generated using an output of the gain-phase­
analyzer and a termination of 50 ohm. The 
analyzer also measured the output level of the 
coil. The conversion factor of the coil is given 
by 
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Fig. 7 Frequency characteristics of Rogowski coil
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ffset frequency of Rogowski coil 
50 
is the output voltage of the 
1 is the input voltage. 
ows the results of measuring the 
ctor. The calculated results are 
the figure for comparison. The 
st the same from 10 to 600 kHz 
coil, and the frequency range in 
ctor is almost the same improved 
to 2 MHz. The calculated results 
with the measured results in these 
nges and the deviation is within 2 
ans that the calculated method can 
esign of the Rogowski coil. The 
esonance frequencies do not agree 
sured values; we think this may be 
mputation error in calculating Cai 
4. Simulation results
ulated the relations between the 
ange and the number of sub-coils. 
are shown in Fig. 8. In the figure, 
tal axis shows the number of sub­
the vertical axis shows the cut-off 
where the conversion factor 
dB compared with the value where 
ncy response is flat. 
a cut-off frequency of 2 MHz is 
n order to measure a lightning surge, 
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the number of sub coils are more than 23 for 
the 50 m-long coil. The results are useful m 
designing Rogowski coils with large radius. 
5. Conclusion
The frequency response of the long 
Rogowski coil is improved when the coil is 
divided into short coils based on the equivalent 
circuit of the coil. This method can improve it 
without reducing sensitivity. 
The frequency response was calculated 
using SPICE. Comparison with measured 
results shows that deviations are within 2 dB 
where the frequency response is flat. This 
demonstrates that the calculations are useful for 
designing long coils. The relations between cut­
off frequency and the number of the coils were 
calculated. 
Future work should determine the cause of 
the error in the resonance :frequency 
calculation. 
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